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1. Introduction
Since the creation of fuzzy set theory by Zadeh in 

the University of California[1] and the application of 
fuzzy control in oiler and stream engine control by 
E.H.Mamdani in 1974[2], the fuzzy control is widely 
developed and applied. From the interpolation mech-
anism of fuzzy control, Hongxing Li reveals that the 
essence of fuzzy controller is a kind of interpolation 
device, and the design idea of basic range reduced 
fuzzy controller is introduced[3,4]. Later, some schol-
ars use the theory of changeable discourse of universe 
to design the controller successfully and apply it to 
practice[5]. In the production of flue-cured tobacco, 
the tobacco baking is a very important part, in order 
to ensure the quality of tobacco baking, it is required 
to control the temperature and humidity. In the tradi-
tional automatic control system, the integrated design 
of the controller is based on the accurate mathemati-
cal model of the controlled object[6]. The barn tem-
perature and humidity is of time-varying, therefore, 
the tobacco control system is characteristic of ambi-

guity and complexity, and it is difficult to establish a 
precise mathematical model when using conventional 
control methods to control. And the fuzzy controller 
is the core of fuzzy control systems, its performance 
depends on the fuzzy control rules. The tobacco-bak-
ing system is based on the experience of the operators 
to control the system, it is not necessary to establish 
an accurate model of the controlled object, which is 
a method to solve uncertainties of flue-cured tobacco 
control system.

2. Structure design of fuzzy controller
Operators hold the experience of the manual con-

trol strategy through learning, testing and long-term 
observing , which can be described by the natural 
language. Fuzzy controller (FC-Fuzzy Controller) is 
to achieve fuzzy control [7], which is the develop-
ment of a new type of language controller on the basis 
of the concept of linguistic variables being used as 
a description of manual control strategies, and fuzzy 
controller is assorted into the single variable fuzzy 
controller and the multiple variable fuzzy controller. 
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The conventional fuzzy controller is kind of single 
variable fuzzy controller with an independent exter-
nal input-variable, the dimension of single-variable 
fuzzy is the number of controller fuzzy input. The 
most widely used is a two dimensional fuzzy con-
troller, its input is the error E and the change rate of 
error EC, and the output is controlling variable U. 
According to the characteristics and requirements of 
the flue cured tobacco control system in the research 
two-dimensional structure is chosen, which means 
that the error of temperature and humidity, and the 
error changing rate are as the input variables. The ba-
sic structure is shown in figure 1.

There are two main types for temperature control 
in the process of tobacco baking: one is constant tem-
perature control, the one is even temperature control. 
In the figure1, Et is temperature error, Eh is the hu-
midity error, Et’ is the temperature error changing 
rate, Eh’ is humidity error changing rate. δ1 and δ2 are 
temperature and humidity decoupling coefficients, Ct 
is the controlling variable of heating, Ch is the con-
trolling variable of drying, Ct is finally quantified into 
the speed of the blower, Cb is finally quantified into 
air door opening degree, which includes the number 
of step motor, the turning speed of exhaust fan and 
circulating fan.
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Figure 1. Structure of fuzzy controller

3. Variables fuzzification
In practical applications, generally the input and 

output are accurate . The input and output variables 
of the fuzzy control system are called linguistic vari-
ables, the accuracy of the input is fuzzy-processed 
into fuzzy quantity, which means that the input vari-
able language value is transformed to the correspond-
ing membership degree according to the membership 
function[8].

In the process of fuzzy, there is a range of the ac-
tual changes in the input, which is called the basic 
range. Supposing the basic range of error is [-E, E], 
the basic range of error rate is [-CE, CE], and the 
range of fuzzy set is X=[-N, -N+1,... O... , N-1, N], N 
is the level of error quantity ranging from 0~E. The 
[-E, E] and [-CE, CE] are transformed to the fuzzy set 
range to be discussed, then the fuzzy subset is formed 
in the linguistic variable values. In actual control sys-
tem, the change of error and error change rate is gen-
erally not in the range X, it has to be multiplied by 

proportional coefficient, known as quantization fac-
tor. In the fuzzy reasoning, the error’s quantization 
factor KE is:

E
N

k
E

=  (1)

quantization factor of error changing rate is KCE

CE
N

k
CE

=   (2)

Set the system control variables as U, the basic 
range of U is [-U, U], and N is the level basic range. 
Based on the concept of quantization factors, its 
quantization factor is KU

U
U

k
N

=   (3)

From the quantization factor in the formula (1), 
(2), (3), it can be obtained that once the level of ba-
sic range or the range is confirmed, the value of the 
quantization factor can make the basic range reduced 
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or enlarged, which means the basic range will enlarge 
when the quantization factor become big, and vice 
versa. In this way, the sensitivity of the control ef-
fect is greatly reduced. Because the selection of the 
quantization factor is limited, it can not guarantee the 
whole stage of the process of the controlled process 
is in the best control state, so the robustness of fuzzy 
control system will be reduced. In order to solve this 
problem, the variable factor which is implemented by 
the array quantization factor, or adjusting KE, KCE 
and KU, in different states is used.

The fuzzy subsets of the linguistic variables are 
described by the membership function[9]. Therefore, 
the accuracy of the fuzzy decision is determined by 
the value of the membership function, the shape of 
the membership function curve is higher, and the sys-
tem stability is relatively good. The system stability is 
relatively good, and the Gauss type membership func-
tion is used. According to the control accuracy and the 
actual testing conditions of the baking room require-
ments, the flue cured tobacco control system collects 
the real-time data of baking room every five minutes, 
and summarizes the data, set the temperature error of 
the basic Et is [-6, 6, -5, -4, -3, -2, -l, 0, l, 2,3,4,5,6}, 
so the quantization factor KEt: 6 / 6 1.EtK = =

 Divi-
sion of temperature error of fuzzy quantities are seven 
levels: negative big, negative middle, negative small, 
zero, positive small, positive middle, positive big, re-
spectively represented by NG, NM, NL, PZ, PL, PM, 
PG.

In this system, the temperature error of the fuzzy 
membership function is described by the Gauss type 
function. The value of the Gauss function M is -6, -4, 
-2,0,2,4,6. σ is 1.4. They are defined in the fuzzy set 
range {-6, -5, -4, -3, -2, -l, 0, l, 2,3,4,5,6}:
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The basic range of setting humidity error is 
[-4,4], and the fuzzy set of the humidity error is  
{-2, -1,0,1,2}, the quantization factor KEh is:

2
0.5.

4EhK = =  (11)

The humidity error of fuzzy value include nega-
tive big, negative small, zero, is positive small, posi-
tive big five levels, respectively represented by NG, 
NL, PZ, PL, PG. In this system, the fuzzy member-
ship function of the humidity error is also described 
by the Gauss type function. They are defined in the 
function of fuzzy set range {-2, -l, 0, l, 2},(5)-(11). 
The value of Gauss function M is -2, -1,0,1,2, σ is 1.4. 
The fuzzy relational matrix is:

1 2 3
1

... , .
k

t i k
i

R r r r r r k i j
=

= = = ⋅∏   

  (12)

1 2 3
1

... , .
k

h i k
i

S s s s s s k i j
=

= = = ⋅∏   

  (13)

and

( ) ( ) ( , ), 1 ~ 4, 1 ~ 4i t t tr E i E j C i j i j′= ⋅ ⋅ = =   (14)

( ) ( ) ( , ), 1 ~ 4, 1 ~ 4i h h hs E i E j C i j i j′= ⋅ ⋅ = =   (15)

The corresponding fuzzy control output is:

( )t t t tC E E R′= × ×   (16)

( )h h h hC E E R′= × ×   (17)

4. Output fuzzification
In the control system, according to the control sys-

tem the actual need, we select burrows, blowers, sky-
lights, circulation fans, blinds as [10]. There are only 
two kinds of States, which are open and closed, but 
in the actual process of baking, it can be controlled 
based on the different stages of the baking and bak-
ing room’s temperature. According to the different 
angle of the skylight, the skylight is divided into four 
grades: small open (1/3), middle open (2/3), totally 
open, respectively represented by PZ, PL, PM and 
PG.

The main function of the burrow is dehumidify-
ing and cooling the bake room, and 0 means open, 
1means closed. The blower’s main task is to heat 
and do heat insulation, when the temperature can not 
meet the requirements of the heating, the system of 
fuzzy control strategy is to imitate the human think-
ing, which means when the temperature difference 
is larger, make the blower circulate air strongly, and 
when the temperature difference is small, we reduce 
the circulate air, the air blower is divided into four 
levels, the corresponding fuzzy language is PL, PM, 
PZ and PG. The main function of the circulating fan 
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is to ensure the consistency of the upper and lower 
shelf temperature, and it will be designed as switch 
signal controlling and 0 means open, 1means closed. 
The blinds is dehumidifying and cooling, which is 
controlled by switch signal, 0 means open, 1means 
closed. Blower and skylights are divided into four 
grades. The fuzzification of the membership func-
tions are still using the Gaussian function, fuzzy set 
range is {0,1,2,3,4,5,6}, and fuzzy quantity is divided 
into four grades: PZ, PL, PM and PG, the M is value 
of 0,2,4,6, and σ is 1.4. So the skylight and blower 
in the range {0, l, 2,3,4,5,6} in the Gauss function is 
defined as forumla (7) - (10).

5. Establishing of fuzzy control rules
In essence, the fuzzy control rule is a collection of 

fuzzy conditional statements [11], which will be sum-
marized as the practical experience of the operator in 
the process of baking. The control rules of the fuzzy 
controller are described by a set of fuzzy conditional 
statements which are connected with each other by 

the “or”. The fuzzy control rules of the system are as 
follows:

If Et=PG and Et’=PL then U=NM;
If Et=PG and Et’=PL or Et’=PM then U=NG;
According to this, if the fuzzy value of tempera-

ture error and the error change rate of the temperature 
are obtained, the fuzzy control value can be obtained 
according to the actual baking experience. The pro-
cess of fuzzy relational equation solving, by the fuzzy 
control rule and fuzzy input value, to get fuzzy con-
trol value is fuzzy reasoning [12,13]. The result of 
fuzzy reasoning is still a fuzzy value, which needs to 
be transformed into an accurate amount of execution 
mechanism by fuzzy decision. There are five main 
actuators in tobacco baking room, including burrow, 
skylight, circulating fan, blower, blinds. Combined 
with actuators and its effect on the environment of the 
baking room, we propose combination of the hous-
ing environmental condition regulation, which are in 
table 1.

Table 1 housing environmental condition regulation

sequence skylight blinds burrows blower Circulating fan temperature humidity
1 1 1 1 0 0 ↓↓↓↓↓ ↓↓↓↓↓
2 1 1 0 0 0 ↓↓↓ ↓↓↓
3 0 0 0 1 0 ↑↑↑ --
4 0 0 0 1 1 ↑↑↑↑↑ ↓
5 0 0 1 0 0 ↓ ↓↓
6 0 1 0 1 0 ↑ ↓
7 0 0 0 0 1 -- --

In the table1,1 means actuators totally open, and 
0 means actuators totally closed. ↑ means Increasing, 
↓ means decreasing, whose degree is represented by 
number. – means unchanged. The control rules are de-
scribed by “if... Then...” form conditional statement. 
When the fuzzy control rule table is established, the 
selection principle of control quantity is: when the er-
ror is large, the selection control is used to eliminate 
the error as soon as possible [14,15]; when the error 
is relatively small, the choice of the control is mainly 
used to prevent the overshoot in order to ensure the 
stability of the system. When temperature and humid-
ity control is contradictory, the control temperature is 
preferred.

6. Conclusions
The fuzzy control is a kind of computer numerical 

control based on fuzzy set, fuzzy linguistic variable 
and fuzzy logic reasoning. From the point of view of 
nonlinear control and linear control, the fuzzy control 
is a nonlinear control; from the view of intelligence of 
the controller, the fuzzy control is a kind of intelligent 
control, and it has become an important and effective 
form of intelligent control.
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Abstract
In this paper, we prompt a new a fast algorithm for mining association rules based on vertically distributed data 
in large dense databases. In order to calculate item sets support, this paper puts forward the concept characteristic 
matrix and characteristic vector, and emerges an algorithm for mining association rules based on the characteristic 
matrix. As a result of drawing the advantages of CARMA(continuous association rule mining) algorithm,the algo-
rithm needs to scan the database for only twice. Experimental results show that the algorithm is correct,and in the 
large dense transaction databases, VARMLDb algorithm has higher implementation efficiency.
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